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The asymmetric unit of the binuclear centrosymmetric title 
compound, [Er 2 (C 12 H 14 0 4 ) 2 (C 12 H 15 0 4 ) 2 (C 12 H 8 N 2 ) 2 (H 2 0) 2 ]- 
2H 2 0, contains one Er m atom, one coordinated water 
molecule, one 1,10-phenanthroline (phen) ligand, two differ- 
ently coordinated adamantane-l,3-dicarboxylate (H 2 L) 
ligands and one lattice water molecule. The Er m ion is 
eight-coordinated by four O atoms from bridging L 2 ~, one O 
atom from HL~, one O atom from the coordinated water and 
two N atoms from a phen ligand. Extensive O— H- ■ O 
hydrogen-bonding interactions result in the formation of 
chains which are further linked into a layer-like network by jt- 
7t stacking interactions centroid-centroid distance = 
3.611 (3) A] between adjacent phen ligands belonging to 
neighbouring chains. The carboxy group of the HL ligand is 
equally disordered over two positions. 

Related literature 

For 1,3-adamantanedicarboxylic acid, see: Glidewell & 
Ferguson (1996). For lanthanide 1,3-adamantanedicarboxylate 
complexes, see: Millange et al. (2004); Li et at (2009). 
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Experimental 

Crystal data 

[Er 2 (C 12 H 14 04) 2 (C 12 H 15 04)2- 
(C 12 H 8 N 2 ) 2 (H 2 0) 2 ]-2H 2 0 
M r = 1657.94 
Triclinic, PI 
a = 8.6164 (17) A 
b = 13.579 (3) A 
c = 14.560 (3) A 
o- = 94.53 (3)° 

Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
T min = 0.600, r maI = 0.795 

Refinement 

R[F 2 > 2a(F 2 )] = 0.030 

wR(F 2 ) = 0.067 

S = 1.07 

7645 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



P = 96.36 (3)° 
y = 92.22 (3)° 
V = 1685.8 (6) A 3 
Z= 1 

Mo Ka radiation 
li = 2.55 mm -1 
T = 293 K 

0.34 x 0.17 x 0.09 mm 



16743 measured reflections 
7645 independent reflections 
6761 reflections with I > 2o'(7) 
R„, = 0.031 



448 parameters 

H-atom parameters constrained 
A/w = 0.77 e A~ 3 
Ap mi „ = -0.45 e A~ 3 



D-H-A 


D-H 


H-A 


D- ■ A 


D-H-A 


O9-H91-O10 


0.85 


1.74 


2.558 (4) 


161.1 


09-H92- ■ Ol' 


0.86 


1.92 


2.760 (4) 


166.7 


O10-H101-O6 


0.85 


1.87 


2.653 (4) 


153.6 


O10-H102- ■ 04' 


0.85 


1.87 


2.692 (4) 


161.8 



Symmetry code: (i) — x + 2, — y + 1, — z + 1. 

Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: 
RAPID-AUTO; data reduction: CrystalStructure (Rigaku/MSC, 
2004); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: ORTEPII (Johnson, 1976); software used 
to prepare material for publication: SHELXL97. 

This project was supported by the Scientific Research Fund 
of Zhejiang Provincial Education Department (grant No. 
Y201017782). Sincere thanks are also extended to the K. C. 
Wong Magna Fund in Ningbo University. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: JH2296). 
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Bis(/*-adamantane-l,3-dicarboxylato-ft: 0,0 :0 ,0 )bis[aqua(3-carboxyadamantane-l- 
carboxylato-/cO 1 )(l,10-phenaiithroline- A^iV^VOerbiumCIII)] dihydrate 

H. Zhu, W. Huang and H. Chang 
Comment 

As known, lanthanide ions have high affinity for hard donor atoms, and ligands with oxygen or hybrid oxygen-nitrogen 
atoms, especially multicarboxylate ligands are usually employed in construction for lanthanide complexes (Li et ah, 2009). 
Herein, we report the crystal structure of title compound, [Er(phen)(H20)(HL)Z]2-2H20, which consist of 1,3-adamanta- 
nedicarboxylic acid (H2L), 1,10-phenanthroline and ErCl3.nH20. This structure indicates that hydrogen-bond and 71-71 in- 
teraction are responsible for supramolecular assemblies. 

The asymmetric unit contains one Er 111 , one coordination water, two type of 1,3-adamantanedicarboxylate ligands and 

III 2 
one lattic water. As show in Fig. 1, the Er ion is in a eight coordinated fashion by four oxygen atoms from L ', one oxygen 

from HZ, ", one oxygen from a coordination water and two nitrogen atoms from a 1,10-phenanthroline ligand. Three type 
kinds of hydrogen-bond are observed in title compound (Table 2). The presence of the extensive hydrogen-bond interaction 
results in formation of one-dimensional chains, which further grow into two-dimensional layer-like network by tc-tc stacking 
interaction between adjacent phen ligands belonging to neighboring chains (Fig. 2). 

Experimental 

Pink powder of ErCl3.nH20 was obtained by slow evaporation of a solution of Er203 (0. 150 mmol, 0.0574 g) dissolved in 
HQ (5 ml) under water boiling condition. A mixture of 1,3-adamantanedicarboxylic acid (0.300 mmol, 0.0595 g) in water 
(10 ml) was stirred for 30 min, and sealed in a 23 ml Teflon-lined stainless autoclave, which was heated at 170°C for three 
days and thereafter cooled slowly to room temperature, and pink crystals were separated by filtering and washing. 

Refinement 

H atoms bonded to C atoms were palced in geometrically calculated position and were refined using a riding model, with 
^iso(Fl) =1.2 J/ e q(C). H atoms attached to O atoms were found in a difference Fourier synthesis and were refined using a 
riding model, with the O — H distances fixed as initially found and with C/j S0 (H) values set at 1.2 (7eq(0). 

Figures 



Fig. 1. ORTEP view of the title compound. The dispalcement ellipsoids are drawn at 35% 
probability level. (# = -x+ 1, -y + 1, -z + 1) 
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Fig. 2. two-dimensional layer-like structure of the title crystal viewed down the b axis. 
O — H—O hydrogen bonds are shown as dashed line. 
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Bis(|j-adamantane-1 ,3-dicarboxylato- k O ,0 :0 ,0 )bis[aqua(3- carboxyadamantane-1 -carboxylato- 
kO 1 )(1,10- phenanthroline-K 2 iV,iV l )erbium(lll)] dihydrate 

Crystal data 

[Er2(Ci2H 1 404)2(C 1 2H 15 04)2(C 12 H 8 N 2 ) 2 (H 2 0) 2 ]-2H 2 a=l 

M r = 1657.94 P(000) = 836 

Triclinic, PT D x = 1 .63 1 Mg irf 3 

Hall symbol: -P 1 Mo iiTa radiation, X = 0.71073 A 

a = 8.6164 (17) A Cell parameters from 16743 reflections 

b= 13.579 (3) A 6 = 3.0-27.5° 

c= 14.560 (3) A n = 2.55 mm" 1 

a = 94.53 (3)° J=293K 

(3 = 96.36 (3)° Platelet, pink 

y = 92.22 (3)° 0.34 x 0.17 x 0.09 mm 

V= 1685.8(6) A 3 



Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Radiation source: fine- focus sealed tube 
graphite 

Detector resolution: 0 pixels mm" 
co scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
r min = 0.600, T max = 0.795 
16743 measured reflections 



7645 independent reflections 

676 1 reflections with / > 2a(i) 
R int = 0.031 

©max = 27.5°, 9 m i n = 3.0° 

h = -9^U 
Jfc = -17-»17 
/=-18-»18 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.030 
wR(F 2 ) = 0.067 

S= 1.07 

7645 reflections 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w= V[a 2 (F 2 ) + (0.0268P) 2 + 1.2992P] 

where P = (F 0 2 + 2F 2 )/3 



(A/o) n 



0.001 
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448 parameters Ap max = 0.77 e A 

0 restraints Ap min = -0.45 e A~ 3 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *IIJ 

^iso ' ^eq 


Er 


0.854312 (16) 


0.436085 (10) 


0.306019 (10) 


0.02576 (5) 


01 


0.8026 (3) 


0.4032 (2) 


0.45688 (17) 


0.0447 (7) 


02 


0.6851 (3) 


0.30718 (18) 


0.34156 (16) 


0.0395 (6) 


CI 


0.7032 (4) 


0.3337 (2) 


0.4261 (2) 


0.0287 (7) 


C2 


0.6055 (4) 


0.2855 (2) 


0.4926 (2) 


0.0283 (6) 


C3 


0.4990 (4) 


0.1997 (2) 


0.4425 (2) 


0.0348 (8) 


H3A 


0.4298 


0.2238 


0.3929 


0.042* 


H3B 


0.5619 


0.1498 


0.4156 


0.042* 


C4 


0.4028 (5) 


0.1547 (2) 


0.5124 (3) 


0.0425 (9) 


H4A 


0.3359 


0.0995 


0.4807 


0.051* 


C5 


0.5110 (5) 


0.1166 (3) 


0.5897 (3) 


0.0540 (11) 


H5A 


0.5749 


0.0664 


0.5642 


0.065* 


H5B 


0.4499 


0.0869 


0.6333 


0.065* 


C6 


0.6162 (5) 


0.2030 (3) 


0.6399 (3) 


0.0426 (9) 


H6A 


0.6857 


0.1784 


0.6900 


0.051* 


C7 


0.7134 (4) 


0.2479 (3) 


0.5719(3) 


0.0371 (8) 


H7A 


0.7796 


0.1986 


0.5471 


0.044* 


H7B 


0.7802 


0.3022 


0.6034 


0.044* 


C8 


0.5023 (4) 


0.3646 (2) 


0.5333 (2) 


0.0261 (6) 


H8A 


0.5679 


0.4198 


0.5642 


0.031* 


H8B 


0.4338 


0.3892 


0.4837 


0.031* 


C9 


0.3001 (4) 


0.2325 (2) 


0.5525 (3) 


0.0378 (8) 


H9A 


0.2371 


0.2034 


0.5955 


0.045* 


H9B 


0.2302 


0.2561 


0.5029 


0.045* 


CIO 


0.5148 (4) 


0.2816(3) 


0.6807 (3) 


0.0388 (8) 


H10A 


0.4547 


0.2534 


0.7256 


0.047* 


H10B 


0.5811 


0.3361 


0.7123 


0.047* 


Cll 


0.4039 (4) 


0.3195 (2) 


0.6031 (2) 


0.0289 (7) 


C12 


0.3065 (4) 


0.4003 (2) 


0.6422 (2) 


0.0314(7) 


03 


0.1614(3) 


0.39715 (18) 


0.6249 (2) 


0.0431 (6) 
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sy.yz (i /) 


/t>i r^TT r^Ti 
Cz 1 — Czz — Cz3 


1 1 A *i { A\ 
1 10. Z (4) 


Cz — Cl — br 


1 /3.5 (z) 


/t>i pii rin 
Czl — Czz — CzO 


1 AA <C 

10y.6 (4) 


r^i /~"> /~""7 
Cl — Cz — C/ 


ioy.6 (3) 


r^Ti m rin 
Cz3 — Czz — CzO 


1 AA A f1\ 

loy.o (3) 


/"^l 

Cl — C2 — C3 


111.3 (3) 


pti pii un a 
Czl — Czz — Hzz A 


1 AA A 

ioy.4 


/"'t /~"> /^i 
C / — Cz — C3 


1 1 A A /I \ 

110.0 (3) 


/^t> im a 
Cz3 — Czz — HzzA 


1 AA A 

ioy.4 


Cl— C2— C8 


108.1 (2) 


C20— C22— H22A 


109.4 


C7— C2— C8 


109.0 (3) 


C22— C23— C16 


109.6 (3) 


C3— C2— C8 


108.8 (3) 


C22— C23— H23A 


109.8 


C4— C3— C2 


109.0 (3) 


C16— C23— H23A 


109.8 


C4— C3— H3A 


109.9 


C22— C23— H23B 


109.8 


C2— C3— H3A 


109.9 


C16— C23— H23B 


109.8 



sup-8 



supplementary materials 



C4 — C3 — Hits 


1 nn n 

luy.y 


po pi ij-iD 
C2 — C3 — HiB 


1 nn n 

luy.y 


HI A PI U1D 

Hi A — C3 — HiB 


1 no i 
1U6.3 


pc p/i pn 

C5 — C4 — C9 


110.0 (3) 


pc p/i pi 
Cj — C4 — C3 


1 nn n \ 
lUy.y (i) 


pn p/i pi 

C9 — C4 — C3 


1 nn o fl\ 
luy.O (3) 


pc p^i u/i a 
Cj — C4 H4A 


i nn 1 


pn p^i u/i a 
C9 — C4 H4A 


1 nn 1 


pi P/1 U A A 

C3 — C4 H4A 


1 nn 1 

iuy.1 


p^i pc p/: 
C4 — CD — Co 


1 nn A /l\ 
lUy.4 (i) 


P/1 PC nr A 

C4 — L5 — Hi A 


1 nn o 


p/; PC LJC A 

Co — Cj — Hi A 


1 nn o 

luy.o 


P/1 PC TTCD 

C4 — Cj — HiB 


1 nn o 

luy.s 


p/; pc iicD 
Co — CJ — HiB 


1 nn o 

luy.o 


LJC A pc iicd 

Hi A — Cj — HiB 


1 no i 
1U6.3 


f^n p/: rin 
C / — Co — C 1 U 


1 nn /; /i \ 
luy.O (i) 


/~"7 p/: pc 
C / — Co — Cj 


1 nn /; \ 
lUy.O (i) 


pin p/; pc 
C1U — Co — Cj 


1 nn /: ii \ 
lUy.O (i) 


p~7 p/: u/: a 
C / — Co — HoA 


1 nn i 

iuy.3 


pi a p/; tj/; a 
C 1 U — Co — Ho A 


1 nn i 

iuy.3 


pc p/; tj/: a 
Cj — Co — HoA 


1 nn i 

iuy.3 


p/; p~7 n 
Co — C / — C2 


1 nn "7 ii \ 
lUy. / (i) 


r^"7 u~7 a 
Co — C / — ri / A 


1 no 7 

iuy. / 


PT P"7 in a 

C2 — C / — H IA 


1 nn "7 

iuy. / 


p/; p"7 i no 
Co — C / — H IB 


1 nn "7 

iuy. / 


PT P"7 i no 

C2 — C / — H IB 


1 nn i 

iuy. / 


TJ"7 A P"7 UTD 

H IA — C / — H IB 


1 no 1 
lUo.2 


P 1 1 PO PI 

CI 1 — Co — C2 


1 nn n 

luy.y (2) 


P11 PO TJO A 

CI 1 — Co — HaA 


1 nn "7 

iuy. / 


n po tjo a 
C2 — Co — HoA 


1 nn "7 

iuy. / 


P11 PO TTOD 

CI 1 — Co — Hois 


1 nn "7 

iuy. / 


PT PO HOD 

C2 — Co — Hois 


1 nn "7 

iuy. / 


UO A PO TJOD 

HoA — Co — Hois 


1 no i 
lUo.2 


p/i pn p 1 1 

C4 — cy — C 1 1 


1 nn £~ fi \ 
lUy.O (i) 


p/i pn urn a 

C4 — cy — HyA 


1 nn o 

luy.o 


p 1 1 pn urn a 

ci i — cy — HyA 


1 nn o 

luy.o 


p/i pn unD 

C4 — cy — HVB 


1 nn o 

luy.s 


pi 1 pn i inn 

ci i — cy — HVB 


1 nn o 

luy.o 


un a pn r inn 
HyA — Cy — HyB 


1 no 1 
lUo.2 


P11 pin p/: 
CI 1 — C1U — Co 


1 nn o /i \ 
lUy.O (i) 


P11 pin uinA 
CI 1 — C1U — H1UA 


1 nn "7 

iuy. / 


p/; pin m/iA 
Co — C 1 U — H 1 U A 


1 nn "7 

iuy. / 


P11 Pin U1AD 

CI 1 — C1U — HlUis 


1 nn "7 

iuy. / 


P/C pin tii Ail 

Co — C 1 U — H 1 OB 


109.7 


HI OA— CIO— HI OB 


108.2 


C12— Cll— CIO 


110.4 (3) 


C12— Cll— C9 


111.6 (3) 


CIO— Cll— C9 


109.5 (3) 


C12— Cll— C8 


107.9 (2) 



i m * pt] 1 1 1 1 d 
HI 5 A — C23 — hlZiB 


1 AO 1 

lUo.Z 


UoA — C24 — <J / r> 


IZo yl) 


UoA — C24 — O / A 


1ZZ (3) 


<J / r> — C24 — <J / A 


1 A 1 (\ 0\ 

34.3 (1Z) 


UoA — CZ4 — Uod 


1 o 

18 (5) 


A7D f~^~)A r\QT> 


111 /")\ 

1 1 1 (2) 


U / A — CZ4 — Uod 


in /i\ 

117 (2) 


AO A r^"\ A 1 /T 

UoA — CZ4 — C 1 0 


111 A / 1 0\ 

1 1Z.4 (lo) 


HID f^"\ A 1 ^ 

<J /r> — CZ4 — C 1 o 


1 in n /1 t\ 
IZU.y (13) 


U / A — L-Z4 — C 1 o 


110 A ( 1 T\ 

1 lo.4 (1ZJ 


(Jod — CZ4 — C 1 o 


1 Ti i /1 n\ 

1Z3./ (iy) 


r^^i a r\Q a uo 1 
CZ4 — UoA — hlo 1 


no 1 

1 lo.Z 


r^'~) A AOD 1 II) 1 

CZ4 — Uod — hlo 1 


IZo.Z 


CZD — JN 1 — czy 


lion /1\ 

llo. / (3) 


CZj — JN 1 — nr 


111 £ /->\ 
1Z1 .0 (3 J 


CZy — JN 1 — br 


||(1 O /1\ 

ny.o (Z) 


Ml PTC /'•">/' 

JN 1 — CZD — CZo 


IZZ.o [j) 


\T| pic I n c a 

JN 1 — CZ D — HZ jA 


no i 
llo. / 


ptc i nc a 
CZo — CZj — JtIZjA 


1 1 O *7 

llo. / 


pn pi/- 

CZ / — CZo — CZ j 


i m i ( a\ 

i iy.z (4) 


P17 ( ")(^ I I")/. A 

CZ / — CZo — rlZoA 


1 ")f\ A 

1ZU.4 


PTC pi/T TJ')/" a 

CZj — CZo — hlZoA 


1 "tr\ a 
1ZU.4 


pto 

CZo — CZ / — CZo 


1 1 Q 0 / A\ 

i iy.o (4j 


PT/' PT7 I I "> "7 a 

CZo — CZ / — hlZ / A 


1 in 1 
1ZU.1 


POO pin i m a 

CZo — CZ / — hlZ / A 


1 in 1 
1ZU.1 


pn pio ptpi 
CZ / — CZo — CZy 


1 1 O A //IA 

llo.U (4) 


pn pio pn 
CZ / — CZo — CJ 1 


1 n 1 //i \ 
1Z3.1 (4) 


Pin pio pi i 
CZy — CZo — Ci 1 


i i p n ( a\ 

i lo.y (4) 


mi pin pio 

jn i — czy — czo 


111 O (A \ 

IZl.o (4) 


mi pin pn n 
JN 1 — CZy — C3U 


1 1 o a <"3\ 
llo.O (3) 


pio pin pin 
CZo — CZy — C3U 


1 m i / a\ 

ny. / (4) 


mi pip, pn 
JN Z — C3 U — Co 3 


1ZZ.3 (4) 


\n pm pin 

jnz — ciu — czy 


1 1 O C\ (1\ 

llo.U (3) 


pn pin pin 

C33 — C3U — czy 


i i n i / a\ 

ny. / (4) 


pn pi 1 pio 
C3Z — C31 — CZo 


111 "5 fA \ 

ill. 5 (4) 


pn pi 1 Tji 1 a 
C3Z — C31 — rl31A 


1 1 O A 

i iy.4 


PIO PI 1 TJI 1 A 

CZo — C31 — hl31A 


1 1 n /i 

1 iy.4 


pi i p n p n 
C31 — C3Z — C33 


1 11 A f/1~\ 

1ZZ.U (4 J 


PI | P11 TT11 A 

C31 — C3Z — hl3ZA 


1 1 A A 

i iy.u 


pn pn ttii a 
C33 — C3Z — hl3ZA 


1 1 A A 

ny.u 


pi a pii pin 
C34 — C33 — C3U 


in < 
11 / .j (4) 


pi a pii p n 
C34 — C33 — C3Z 


11/1 A //I \ 

1Z4.U (4) 


pi p. pn. p n 
C3U — C33 — C3Z 


I 1 O C ( A\ 

II o.j (4) 


C35— C34— C33 


119.9 (4) 


C35— C34— H34A 


120.0 


C33— C34— H34A 


120.0 


C34— C35— C36 


119.1 (4) 


C34— C35— H35A 


120.5 


C36— C35— H35A 


120.5 
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CIO— Cll— C8 


108.6 (3) 


N2— C36— C35 


123.2 (4) 


C9— Cll— C8 


108.8 (3) 


N2— C36— H36A 


118.4 


03— CI 2— 04 


119.0 (3) 


C35— C36— H36A 


118.4 


03— CI 2— Cll 


121.5 (3) 


C36— N2— C30 


118.0 (3) 


OA — CI 2— Cll 


119.4 (3) 


C36— N2— Er 


124.2 (2) 


03— CI 2— Er' 


61.06(17) 


C30— N2— Er 


117.8 (2) 


04— CI 2— Er' 


58.57 (16) 


Er— 09— H91 


122.1 


Cll— C12— Er' 


171.5 (2) 


Er— 09— H92 


128.7 


C12— 03— Er' 


92.14(19) 


H91— 09— H92 


105.2 


CI 2— 04— Er' 


94.0 (2) 


H101— 010— H102 


106.4 


CI 3— 05— Er 


169.9 (3) 







Symmetry codes: (i) -x+1, -y+l, -z+1. 



Hydrogen-bond geometry (A, °) 



D—H-A D — H 

09— H91-O10 0.85 

09— H92-01'' 0.86 

010— H101-O6 0.85 
O10— H102-O4" 0.85 



Symmetry codes: (ii) -x+2, -y+l, -z+1. 



H-A D-A D—H-A 

1.74 2.558 (4) 161.1 

1.92 2.760 (4) 166.7 

1.87 2.653 (4) 153.6 

1.87 2.692 (4) 161.8 
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